A hospital-based follow-up study was conducted between 1986 and 1988 at Lwiro (South Kivu Province, Zaire). Of 1,129 children in the study, three of four were severely malnourished, and 17.4% died. This study analyzes the mortality in hospital; its objectives are to evaluate the prognostic power of edema and anthropometric and biologic indicators and to seek indices that perform better. Receiver operating characteristic curves were established for each parameter under study and for each index constructed. Areas under receiver operating characteristic curves were highest for biologic indicators, and simple indices, obtained by counting the number of risk factors present, performed best. In the absence of biologic parameters, the authors suggest classifying children as at risk of dying when they present with edema and/or with arm circumference of less than 115 mm. When biologic measurements are possible, in addition to edema and arm circumference, the authors suggest taking serum albumin and transthyretin into account. For serum albumin and transthyretjn, mortality risk is defined in terms of values of less than 16 g/liter and 6.5 mg/dl, respectively. Children will be classified as at risk of dying when they present with at least two of the four risk factors. The resulting diagnostic test has a high sensitivity (91.2%) and positive and negative predictive values of 40.8% and 97.9%, respectively. Am J Epidemiol 1996;143:1235-43. child; hospitals; malnutrition; mortality; ROC curve In previous hospital-based studies carried out in developing countries, various authors have found a close association between some anthropometric measurements and mortality in hospital (1-3) . The association in hospitals between mortality and biologic indicators such as serum albumin and serum transferrin has seldom been analyzed, however, and the results do not always agree (4, 5). The indicators used in all of these studies were either anthropometric or classifications based on anthropometric indicators or were clinical or biologic ones, but the three types of indicators were not often used together or in combiReceived for publication April 14, 1995, and in final form March 18, 1996. Abbreviations: MUAC, mid-upper arm circumference; ROC, receiver operating characteristic; QROC, quality receiver operating characteristic.
In previous hospital-based studies carried out in developing countries, various authors have found a close association between some anthropometric measurements and mortality in hospital (1) (2) (3) . The association in hospitals between mortality and biologic indicators such as serum albumin and serum transferrin has seldom been analyzed, however, and the results do not always agree (4, 5) . The indicators used in all of these studies were either anthropometric or classifications based on anthropometric indicators or were clinical or biologic ones, but the three types of indicators were not often used together or in combi-nation. The approach adopted in these research studies was essentially based on the estimation of risk, and an analysis of the prognostic power of the indicators was seldom performed.
Outside hospitals, several community-based, observational prospective studies have been carried out and reviewed recently (6, 7) . In terms of public health, these have shown the impact of malnutrition on child mortality in developing countries. In some of the studies reviewed, a diagnostic approach was considered (8) (9) (10) ; however, the only indicators of malnutrition used were anthropometric ones.
In South Kivu (eastern Zaire, Central Africa), all forms of protein energy malnutrition are frequently encountered, and many children present with marasmus and edema at the same time. In a hospital-based follow-up study, for some admission values of various anthropometric, clinical, and biologic parameters, increased risk of mortality was observed (11, 12) .
The present study has two objectives. The first is to analyze the prognostic power of edema and anthropometric and biologic parameters strongly associated with mortality, and the second is to seek combinations of these indicators that may lead to indices with better diagnostic properties.
MATERIALS AND METHODS

Sample, variables, and statistical methodology
This study was conducted in South Kivu Province of Zaire, along the eastern border of the country. In these highlands, farmers live in a subsistence economy system, and their food supply is deficient in energy and proteins, with protein shortage being particularly severe at the end of the dry season and at the beginning of the rainy season before the harvest. Several publications have described the nutritional status of the children in Kivu Province (13, 14) . hi the work of Dr. Philippe Hennart (13) , it was also observed that the mean serum albumin level was significantly lower for children who came from the rural area of South Kivu than for children who came from the urban area of the same region (28.6 vs. 32.2 g/liter); the prevalence of edema reached 4.4 percent in the rural area.
In North Kivu, data collected on children under age 5 years (14) have shown that between 50 and 70 percent were stunted, and 1-3 percent were wasted or wasted and stunted. The prevalence of edema reached 7 percent in the highest age groups. When the observations made in North Kivu are compared with those made in South Kivu, it can be seen that the nutritional status was worst in the rural area of South Kivu. In North Kivu, 40-50, 62-76, and 7-10 percent of the children were situated below the fifth percentile of the international reference growth curves for weight for age, height for age, and weight for height, respectively, while in the rural area of South Kivu, these proportions were 61, 72, and 18 percent, respectively.
About 500 children are admitted yearly to the children's hospital of Lwiro, South Kivu, and three of four suffer from clinical protein energy malnutrition. The clinical pattern of protein energy malnutrition was mainly kwashiorkor with or without marasmus. The highest fatality rate prevailed in edematous children with marasmus (15) . In Central Africa, the main causes of death are hypovolemic shock, dehydration, electrolyte disturbances, and infectious complications (15, 16) .
Between August 1986 and October 1988, 1,129 consecutively admitted children were included in a clinical follow-up study. A set of sociodemographic, clinical, and anthropometric data and serum albumin were collected on admission. For 238 children, serum transferrin, transthyretin, and retinol-binding protein were also measured. Mean duration of stay in hospital was approximately 26 days, but the median duration of stay was only 12 days.
The anthropometric indicators taken into account were weight for age, height for age, and weight for height, expressed as percentages of the median of local growth curves (E. De Maeyer, World Health Organization, 1959, unpublished data) or as z scores computed from international growth curves (17) and arm circumference. Weight was measured to the nearest 10 g. The scales used for weighing were calibrated every morning. Height was measured to the nearest millimeter when the child was supine and to the nearest 2 mm in the standing position. Mid-upper arm circumference (MUAC) also was measured to the nearest millimeter with a plastic tape. From the clinical data, edema was chosen for inclusion in the analyses; it was categorized as absent, moonface or pretibial, or both. The presence of edema was determined by applying pressure for 30 seconds to the pretibial region. Retinol-binding protein, serum transthyretin, serum transferrin, and serum albumin were chosen as biologic nutritional markers. The albumin was determined according to the method of Sonnet and Rodhain (18) ; the other proteins were measured using nephelometric techniques (19) .
This work analyzes these variables and evaluates by means of receiver operating characteristic (ROC) curves their ability to discriminate between the children who will survive and those who will die during hospitalization.
The ROC curve is obtained by plotting the proportion of true positives or the sensitivity of a diagnostic test (the proportion of positive tests among the deceased in this case) against the proportion of false positives (the proportion of positive tests among the survivors) or 1 -specificity, with these two parameters estimated at different operating points. The diagonal of the graph is called the "chance line" since its points correspond to equal proportions of false and true positives. The performance of a diagnostic test in terms of sensitivity and specificity will be better the higher the ROC curve is above the diagonal.
ROC curves have been established with C. E. Metz's FORTRAN program (20) (21) (22) (23) . For comparison of the indicators, the area under the ROC curves (24, 25) was estimated with the same program. Ranking of indicators was performed by simply considering the estimates of area under the ROC curves; no formal significance test was carried out to compare ROC areas. Edema and anthropometric and biologic parameters were combined in indices. Two types of indices were considered. The first was obtained by weighting the component variables with coefficients estimated by logistic regression. At the final stage, three logistic regression models were established, including 1) arm circumference and edema; 2) arm circumference, edema, and serum albumin; and 3) arm circumference, edema, serum albumin, and transthyretin, respectively. In each of these three models, the coefficients of the included variables differed significantly from zero, Mortality Prognostic Indices 1237 except for that of arm circumference in the third model. The absence of significance of the effect of arm circumference in the last model can be explained by the fact that this was established on the reduced sample of 238 subjects for whom that transthyretin was measured. Logistic regression was performed using SPSS version 4.0 for UNIX (26) . For the second type of index, to define categories corresponding to a higher risk of dying, continuous variables have been dichotomized. Two sets of cutoffs were chosen: the values of the variables corresponding to the maximum of the sum of sensitivity and specificity and the values corresponding to optimal efficacy (27), as described below. The indices were obtained by simply counting the number of risk factors present. In the two types of indices, edema was always included as two categories: present or absent.
From the newly constructed indices and on the basis of the quality criteria (27) described below, diagnostic tests have been proposed. The sensitivity and specificity of these tests, the predictive value of a positive test result (the proportion of deaths among the positive tests), and the predictive value of a negative test result (the proportion of survivors among the negative tests) were computed.
Validation has been performed on the data collected in the hospital during the years 1989-1991.
Quality criteria for the characteristics of a diagnostic test
P will denote the proportion of deaths, and Q will denote the proportion of positive tests. Se and Sp denote the sensitivity and the specificity of the diagnostic test, respectively.
Efficiency is the overall proportion of correct classification that can be computed by
The quality of the sensitivity and specificity of the test will be expressed by a weighted kappa coefficient:
for sensitivity, and
The graph obtained by plotting fc(l,0) against k(0,0) is called a QROC (quality receiver operating characteristic) curve. The optimally sensitive and specific tests are those corresponding to the highest and the right-most points, respectively, in the QROC plane. In the QROC curve, all tests for which Q = P lie along the diagonal line also called the "diagnosis line." The QROC curve obtained for two indices combining MUAC, edema, serum albumin, and transthyretin is presented in figure 1 .
The two indices of the kappa coefficients are related to cost-benefit factor. The quality of efficiency is defined by Cohen's kappa:
The optimally efficient test will be the one for which £(0.5,0) is the maximum; choosing an optimally efficient test amounts to assigning equal importance to false negative and false positive. Graphically, socalled "0.5-projection lines" can be drawn between each test point and the diagnosis line; the highest intersection point indicates the optimally efficient test (27) . For the two indices considered, the decision point was taken to be the optimally efficient test (12.2 on the QROC; figure 1).
RESULTS
Including early deaths (20 percent of the deaths occurred during the first 48 hours), 197 subjects, i. e., 0.2 0.4 0.6 Quality of the specificity -0.8 K(0,0) FIGURE 1. Mortality in children hospitalized in Lwiro, Zaire, between 1986 and 1988. Quality receiver operating characteristic of the indices combining edema, mid-upper ami circumference, serum albumin, and transthyretin. Indices obtained by counting the number of risk factors present. For mid-upper arm circumference, serum albumin, and transthyretin, the cutoffs for Index 1 (11) were 125 mm, 21 g/liter, and 7.5 mg/dl, respectively, and for index 2 (12), they were 115 mm, 16 g/liter, and 6.5 mg/dl, respectively. The number after the period represents the number of risk factors that a child has to present to be declared at risk of dying.
17.4 percent of the 1,129 subjects admitted to hospital, died. The median age of the children was 27 months: Three quarters were age 5 years or under, and 45 percent were under age 2 (table 1). Nutritional status is described in table 1; a large proportion of the children had very low values for anthropometric and biologic parameters. About 30 percent of the subjects presented with edema on admission.
Among anthropometric parameters, weight for age expressed as percentage of the median of local growth curves had the best sensitivity for a given specificity, but its performance was similar to that of MTU AC and weight for age z score computed from the international growth curves. Among proteins, for serum albumin and serum transthyretin, ROC curves were almost superimposable. The ROC curve of serum transferrin was the highest, while that of retinol-binding protein died. This explains the lower precision of the estimated areas for these variables. Edema noted just as present or absent had a sensitivity of 57.2 percent and a specificity of 76.7 percent, and when the four categories of edema were taken into consideration, the area under the ROC curve was the same as that for serum albumin.
From the anthropometric indicators, MUAC was selected for inclusion in the indices, first, because its ROC area was one of the highest and, second, because indices including MUAC had a slightly better performance than did those that included weight for age expressed as a percentage of the median of the local growth curves as well as a z score computed from the international curves. Among biologic indicators, serum albumin and serum transthyretin proved to give the combinations with the best performance.
The area estimated under the ROC curves for the different indices constructed with edema, MUAC, serum albumin, and serum transthyretin (table 3) indicated that the index based simply on the number of risk factors (continuous indicator value under a single cutoff; edema present) presented by a child performed at least as well as and often better than the more complex index based on logistic regression. As de- (ROC area, 90 percent) (table 3). The ROC curves for the indices are shown in figure 2 along with the ROC curves for MUAC and serum albumin alone. This figure shows the improvement in diagnosis of death brought about by the indices.
At this stage of the analysis, from the defined indices with good performance, the problem lies in choosing a decision level from which special treatment guidelines may be derived.
As a first step, the problem was approached without recourse to biologic indicators, since such measurements are sometimes difficult to obtain. Of the two indices combining edema and MUAC, the one with cutoff at 115 mm for MUAC had the highest ROC area and led to the diagnostic test with the best values of sensitivity and specificity (figure 3).
When biologic measurements are possible, a better diagnostic test can be constructed by including serum albumin and serum transthyretin.
This test was derived from the index combining edema and MUAC, serum albumin, and serum transthyretin with cutoffs of 115 mm, 16 g/liter, and 6.5 mg/dl, respectively, and by classifying a child as at risk of dying as soon as he or she presented with at least two of the four risk factors (figure 4). scribed in Materials and Methods, two methods were applied to derive cutoffs. The first of these methods (maximum of the sum of sensitivity and specificity) produced thresholds equal to 125 mm, 21 g/liter, and 7.5 mg/dl for MUAC, serum albumin, and serum transthyretin, respectively. The second, based on the kappa coefficient of optimal efficacy, produced thresholds equal to 115 mm, 16 g/liter, and 6.5 mg/dl, respectively. Since cutoffs obtained with the second method were the lowest, the corresponding diagnostic tests were less sensitive and more specific than the were tests constructed with the first series of cutoffs.
The highest ROC areas were those of the indices obtained with a cutoff to define risk for continuous indicators fixed at a low level (115 mm for MUAC, 16 g/liter for serum albumin, and 6.5 mg/dl for serum transthyretin) (table 3). The index including only edema and MUAC showed an improvement in ROC area of approximately 12 percent relative to MUAC alone and 4 percent relative to edema alone. Including age or other clinical signs such as diarrhea, hair anomalies, skin infection, or malaria did not improve the performance of the index. On the other hand, adding serum albumin to the index that included arm circumference and edema further increased the ROC area by 3 percent. Finally, the addition of serum transthyretin led to the index with the best sensitivity and specificity 
DISCUSSION
The relation between malnutrition and mortality has been studied by many authors in different regions; it has sometimes been analyzed by using a diagnostic approach in observational, prospective, communitybased studies. Stressing the fact that for screening, the best indicator was the one for which sensitivity was higher for high values of specificity, Bairagi (8) This may also prove to be very interesting in a hospital context. For example, Briend et al. (2) have compared the sensitivity and specificity of several anthropometric parameters for the mortality of malnourished children hospitalized in Dhaka, but this approach is not very frequent. For comparison with the results of the above-mentioned community-based studies, it can be noted that in the hospital-based study by Briend et al. (2) , the sensitivity of MUAC was about 45 percent for a specificity of 80 percent.
We have used this sensitivity-specificity approach for the data collected in 1986-1988 at the pediatric hospital in Lwiro, in South Kivu (Zaire). For this period, the proportion of deaths during hospitalization was 17.4 percent. The predictive performance of edema and of biologic parameters was better than that of the anthropometric parameters. This is in agreement with the results derived by other methods of analysis, which had already revealed the important effect on mortality of serum albumin as well as the significant contributions of edema and MUAC (11, 29) .
The area under the ROC curve of weight for age expressed as a percentage of the median of the local growth curves was the greatest, but it was only slightly greater than that under the ROC curves of MUAC and z score weight for age computed from the international growth curves. ROC curves for height for age were a little below, while those for the weight for height remained well below. These results largely correspond to the observations made in Dhaka by Briend et al. (2) . The area under the ROC curve of edema was approximately equal to that of serum albumin. Among biologic parameters, serum transferrin had the best performance, and retinol-binding protein had the worst. These results regarding retinol-binding protein also agree with those obtained by other methods from the same data (12) . Serum albumin and serum transthyretin performed nearly equally well, but neither was as good as serum transferrin.
In this region of central Africa where children are observed with both severe kwashiorkor and marasmus, these different anthropometric, clinical, and biologic indicators are needed to characterize the severity of protein energy malnutrition. Does the grouping of some of these parameters in an index lead to improvement in the diagnosis with respect to individual parameters?
Different classifications combining some of these parameters were used previously to define the nutritional status of the children in developing countries. types of indicators-anthropometric, clinical, and biologic-simultaneously. Gomez's classification (1) was established on the basis of the analysis of the different parameters according to mortality in hospital; the other classifications have been used to estimate the risk of death in hospital or of malnourished children outside the hospital. None of these classifications is based on the diagnostic performance of the indicators. In Lwiro, indices constructed on the basis of an anthropometric parameter, edema, and biologic parameters produced substantial improvements in discriminating between the children who were going to die and those who would be discharged, in comparison with each indicator taken separately.
MUAC was the anthropometric indicator chosen for inclusion in the indices. This choice was guided by the fact that, as was shown in other work (9, 10, 34) , MUAC was able to discriminate between the children who would survive and those who would not and because it had been used in constructing good indices. Moreover, as emphasized in other studies on malnutrition (2), MUAC is simple to measure and easier to obtain than weight for age or height for age, for example, which require the use of growth curves.
Edema, both a clinical sign and an indicator of the severity of protein energy malnutrition, was included in the indices.
Serum albumin is primarily used to define protein deficiency in clinical practice (35, 36) . It is measured routinely at Lwiro hospital and is available for the entire sample in this study. For these reasons in particular, serum albumin was selected for inclusion in the indices. Furthermore, we observed that combining serum transthyretin with MUAC and edema led to the same results as combining serum albumin with MUAC and edema. However, including serum transthyretin in addition to edema, MUAC, and serum albumin led to even better quality of the indices constructed. Since serum albumin and serum transferrin were strongly correlated (Pearson correlation coefficient: r = 0.68; p < 0.001), it appeared that the indices with either had virtually the same performance.
Different methods were used to obtain indices; logistic regression should theoretically weight each variable optimally to predict mortality. However, the resulting score requires the simultaneous measurement of all component indicators and relatively complex computation. In contrast, a score based on a count of the number of risk factors that a child presents is quick and simple to obtain. Furthermore, in this diagnostic procedure, the component indicators do not have to be measured simultaneously. Finally, in general, ROC areas were greater for the simple indices than for logistic regression-based indices (table 3) .
On the basis of the ROC curves, it has been observed that an improvement of the diagnosis can be achieved by the consideration of MUAC, edema, serum albumin, and serum transthyretin. From the indi-ces including these four indicators, the problem is then to choose a diagnostic test. In fact, different diagnostic tests more or less sensitive or specific or of more or less good quality of efficiency (estimated by assigning equal importance to the two types of misclassifications) could be constructed. The diagnostic test chosen was the optimally efficient one, which had also a very high quality of sensitivity. The result of this diagnostic test will be positive as soon as a child is classified at risk for at least two of the four indicators. As shown in figure 4 , with the test so constructed, decisions can be taken in two steps. The first one consists in noting at admission the presence or absence of edema and measuring MUAC. If MUAC is less than 115 mm and edema is present, the result of the test is positive, and the other measurements do not have to be carried out. Blood has to be taken only in the remainder of the sample (still 95 percent of the admitted children ( figure 4) ). For these children, the result of the test will depend on whether or not serum albumin and serum transthyretin are lower than 16 g/liter and 6.5 mg/dl, respectively (figure 4).
When it is not possible to measure biologic indicators, we suggest classifying a child as at risk of dying when he or she presents with edema and/or with MUAC < 115 mm at admission to the hospital ( figure  3) .
The case-fatality rates in hospital of children with protein energy malnutrition vary from 9 to 51 percent (36) . As stated by Waterlow, "comparisons between different centers are clearly inappropriate, because of the differences in the criteria for admission and the prevalence and type of infections, as well as in the facilities" (36, (164) (165) .
In the region of our study, protein energy malnutrition is frequent and severe; therapeutic management depends on local conditions, but efforts are made to improve therapeutic care. Thus, in 1994, the proportion of deaths observed during hospitalization on a sample of 738 admitted children was 10.4 percent. However, this proportion may vary according to the type and severity of protein energy malnutrition in hospitalized children. Our approach has the advantage of demonstrating possible improvements since it reduces the influences of the variations related to the nutritional status of the hospitalized children, a status that depends on the different factors included in our indices.
Serum transthyretin was no longer measured in the years after those studied in this investigation. Consequently, validation of our results could only be performed for edema, MUAC, and serum albumin and for indices including these three indicators. ROC areas were smaller in the validation set for both individual indicators and indices, although the difference was slight for MUAC (table 4) . These effects could perhaps be explained by different reasons, such as the characteristics of the admitted children, their age, and their condition at admission. In fact, between 1989 and 1991, the observed proportion of deaths in the hospital was 14.6 percent, slightly lower than that during the study period.
The relative importance of the different components of protein energy malnutrition, like the essential associated deficiencies, may vary strongly from one region to another. To validate this particular combination of indicators, similar studies in other regions affected by malnutrition (for example, other countries from central or north Africa) will be of primary interest. Nevertheless, as biologic indicators are included in the index, the values of the cutoffs will perhaps have to be modified according to the techniques of determination.
In the reduced sample (218 subjects) in which values for the four parameters included in the index were available, it was observed that among the children without edema and with MUAC less than 115 mm, none had low serum albumin and low serum transthyretin (cutoffs, 16 g/liter and 6.5 mg/dl, respectively). If this observation could be verified, it would be necessary to take blood from only less than half of the children admitted (figure 4). It would therefore be very interesting to check the model presented in figure 4 by recording serum transthyretin in a new sample of children admitted to the Lwiro hospital. If the validity of the model that we propose is proven, it will be possible to identify in a more precise and standardized way the children with a higher risk of death. More particularly, this should allow the hospital teams to assess the quality of their work better or to test new therapeutic methods. All of these approaches might finally lead to improving the management of children hospitalized with protein energy malnutrition.
